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[57] ABSTRACT

A semiconductor device and a method of manufacturing the
same. In the present invention, the charge storage electrode
has a structure in which trenches having a constant width
and depth with a constant interval toward the center of the
charge storage electrode along the side end of the charge
storage electrode are formed, at least one other trench is
formed on top of the charge storage electrode surrounding
the other trench, and the bottom of the side of the charge
storage electrode is shaped as a single step. Accordmgly, the
present invention can obtain the effect of increasing the
efficient surface area of the charge storage electrode by
forming at least one trench on the surface of the charge
storage electrode, and the resulting increase in capacitance
improves the reliability of the device.

22 Claims, 5 Drawing Sheets
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SEMICONDUCTOR DEVICE AND A
METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
and a method of manufacturing the same, and more particu-
larly to a semiconductor device and a method of manufac-
turing the same which can increase the capacitance of a

capacitor by forming one or more trenches on top of a charge
storage electrode.

2. Description of the Prior Art

Conventionally, as a semiconductor integrated circuit
becomes highly integrated, a unit cell area is decreased.
However, a minimum capacitance is needed to operate the
device despite the reduction of the unit cell area. Accord-
ingly, research to ensure the minimum required capacitance
in a limited area is being undertaken.

FIG. 1 1s a sectional view of a capacitor manufactured by
a prior art technology. -

An active region and a field region are defined by forming
a field oxide film 2 on a silicon substrate 1. A gate oxide film
3 and a gate electrode 4 are formed on predetermined
portions of the active region and the field region, and an
insulation spacer 3 is formed on the side of the gate electrode
4. A source electrode 6A and a drain electrode 6B are formed
on the portions of the silicon substrate 1 exposed to both
sides of the gate electrode 4 by an impurity ion implantation
process. An interlayer insulation film 7 is thickly formed on
the entire structure including the MOSFET. Therefore, the
MOSFET having a LDD structure is formed. A silicon
nitride film 8 and a first polysilicon layer 9 are sequentially
deposited on the interlayer insulation film 7. The exposed
portions of the first polysilicon layer 9 and the silicon nitride
film 8 are sequentially etched by an anisotropic etching
process ufilizing a contact hole mask. The anisotropic etch-
ing process is performed so that the interlayer insulation film
7 which 1s a lower layer is sufficiently exposed. A polysili-
con 1s deposited on the surface of the first polysilicon layer
9 including a recess which is formed by etching the first
polysilicon layer 9 and the silicon nitride film 8. The
polysilicon is etched by an anisotropic etching process so
that a part of the interlayer insulation film 7 constituting the

bottom of the recess is exposed, thereby polysilicon spacers

10 are formed on the inner wall of the recess. A contact hole
is formed by etching the exposed interlayer insulation film
7 by an anisotropic etching process utilizing the first poly-
silicon layer 9 and the polysilicon spacers 10 as an etching
mask until a part of the source electrode 6A is exposed. The
width of the contact hole can be smaller than when using the
contact hole mask because the contact hole is formed by a
self-alignment etching process, so that the high integration
of the semiconductor integrated circuit is facilitated. A
second polysilicon layer 11 is deposited on the first poly-

silicon layer 9 and the polysilicon spacers 10 including the
contact hole. |

The second and first polysilicon layers 11 and 9 are etched
by an anisotropic etching process utilizing a charge storage
electrode mask , therefore a charge storage electrode of a
capacitor composed of the polysilicon spacers 10, the first
polysilicon layer 9 and the second polysilicon layer 11 is
formed. The charge storage electrode is of the same shape
and size as the charge storage electrode mask.

A dielectric film 17 is formed on the surface of the charge
storage electrode. A third polysilicon layer 18 is deposited
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on an exposed part of the silicon nitride film 8 including the
dielectric film 17. Thereafter, the third polysilicon layer 18
1s etched by an anisotropic etching process utilizing a plate
electrode mask, a plate electrode composed of the third
polysilicon layer 18 is formed finally.

There are limits of the prior art capacitor formed by the
above-described process to ensuring the required capaci-
tance for the operation of the device as the semiconductor
integrated circuit becomes highly integrated

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to increase
the effective surface area of the charge storage electrode by
forming one or more trenches on the surface of the charge
storage electrode.

Another object of the present invention is to manufacture
a highly integrated semiconductor device.

To achieve the objects of the present invention, a method
for manufacturing a semiconductor device is as follows.

An interlayer insulation film is formed on a silicon
substrate formed with a junction region. A silicon nitride
film and a first polysilicon layer are sequentially deposited
on the interlayer insulation film. Exposed portions of the first
polysilicon layer and the silicon nitride film are sequentially
etched by an etching process utilizing a contact hole mask,
whereby a recess 1s formed. A polysilicon spacer is formed
on the inner wall of the recess. The interlayer insulation film
1s etched by an etching process utilizing the first polysilicon
layer and the polysilicon spacer as an etching mask until a
part of the junction region is exposed, a contact hole is
formed. A second polysilicon layer is deposited on the first
silicon layer and the polysilicon spacer including the contact
hole. A first oxide film and a third polysilicon layer are
sequentially deposited on the second polysilicon layer. A
photoresist pattern is formed on the third polysilicon layer
by a photoresist patterning process utilizing a charge storage
electrode mask. The exposed parts of the third polysilicon
layer and the first oxide film are sequentially etched by an
etching process utilizing the photoresist pattern as an etching
mask, whereby the pattern composed of the third polysilicon
layer and the first oxide film is formed. After removing the
photoresist pattern, a second oxide film is deposited on the
second polysilicon layer including the pattern. The polysili-
con spacer 1s formed on the side wall of the pattern. The
exposed part of the second oxide film is etched until a part
of the surface of the second and third polysilicon layer is
exposed. The exposed part of the second polysilicon layer is
etched by an anisotropic polysilicon etching process,
whereby the surface of the second polysilicon layer is
stepped. The exposed part of the second oxide film is etched
by an anisotropic oxide etching process to expose the second
polysilicon layer between the pattern and the polysilicon
spacer. An anisotropic polysilicon etching process utilizing
the first and second oxide films remaining on the second
polysilicon layer as an etching barrier layer is performed
until the silicon nitride film is exposed, thereafter the
remaining first and second oxide .films are removed to form
a charge storage electrode. A dielectric film is formed on the
surface of the charge storage electrode. A plate electrode is
formed on the dielectric. In the structure of the charge
storage electrode formed by this method, a trench having a
constant width and depth with a constant interval toward the
center of the charge storage electrode along the side end of
the charge storage electrode is formed, and the bottom of the
side of the charge storage electrode is shaped as a single
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step.

To achieve the objects of the present invention, an alter-
native method for manufacturing a semiconductor device is
as follows.

An interlayer insulation film is formed on a silicon

substrate formed with a junction region. A silicon nitride
film and a first polysilicon layer are sequentially deposited
on the interlayer insulation film. The exposed portions of the

first polysilicon layer and silicon nitride film are sequentially
etched by an etching process utilizing a contact hole mask,
whereby a recess is formed. A polysilicon spacer is formed
on the inner wall of the recess. The interlayer insulation film
is etched by an etching process utilizing the first polysilicon
layer and the polysilicon spacer as an etching mask until a
part of the junction region is exposed, a contact hole is
formed. A second polysilicon layer is deposited on the first
polysilicon film and the polysilicon spacer including the
contact hole. A first oxide film and a third polysilicon layer
are sequentially deposited on the second polysilicon layer. A
plurality of photoresist patterns are formed on the third
polysilicon layer by a photoresist patterning process utiliz-
ing a charge storage electrode mask. The exposed parts of
the third polysilicon layer and the first oxide film are
sequentially etched through an etching process utilizing a
plurality of photoresist patterns as an etching mask, whereby
a plurality of patterns composed of the third polysilicon
layer and the-first oxide film is formed. After removing the
plurality of photoresist patterns, a second oxide film is
deposited on the second polysilicon layer including the

plurality of patterns. A polysilicon is deposited and etched

on said second oxide film to leave the polysilicon remained

in a buried form between the patterns and to leave the

polysilicon remained in the form of a spacer on the outer
wall of the outer most pattern of the plurality of patterns. The
exposed part of the second oxide film is etched through an
etching process utilizing the remaining polysilicon as an
etching mask until a part of the surface of the second and

third polysilicon layers is exposed. The exposed part of the -

second polysilicon layer is etched by an anisotropic poly-
silicon etching process, whereby the surface of the second
polysilicon layer is stepped. The exposed part of the second
oxide film is etched by an anisotropic oxide etching process
to expose the second polysilicon layer between the plurality
of patterns and the remaining polysilicon. The anisotropic
polysilicon etching process utilizing the first and second
oxide films remaining on the second polysilicon layer as an
etching barrier layer is performed until the silicon nitride
film 1s exposed; thereafter, the remaining first and second
oxide films are removed to form a charge storage electrode.
A deelectric film is formed on the surface of the charge
storage electrode. A plate electrode is formed on the dielec-
tric. In the structure of the electric charge storing electrode
formed by this method, a trench having a constant width and

depth with a constant interval toward the center of the

electric charge storing electrode along the side end of the
charge storage electrode is formed; at least one other trench
1s formed on the top of the electric charge storing electrode
surrounded by the trench; and the bottom of the side of the
electric charge storing electrode is shaped as a single step.

BRIEF DESCRIPTION OF THE DRAWINGS

For a full understanding of the nature and objects of the
present invention, reference should be made to the following
detailed descriptions made in conjunction with the accom-
panying drawings in which;
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FIG. 1 is a sectional view of a capacitor manufactured b
a prior art technology. |

FIGS. 2A through 2D are sectional views illustrating the
process of manufacturing the capacitor according to the first
embodiment of the present invention.

FIGS. 3A through BE are sectional views illustrating the
process of manufacturing the capacitor according to the
second embodiment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Given below is a detailed description of the present
invention with reference to the accompanying drawings.

FIGS. 2A through 2D are sectional views illustrating the
process of manufacturing the capacitor according to the first
embodiment of the present invention.

Referring to FIG. 2A, an active region and a field region
are defined by forming a field oxide film 2 on a silicon
substrate 1. A gate oxide film 3 and a gate electrode 4 are
formed in predetermined portions of the active region and
the field region, and an insulation spacer 5 is formed on the
side of the gate electrode 4. A source electrode 6A and a
drain electrode 6B are formed on the portions of the silicon
substrate 1 exposed to both sides of the gate electrode 4 by
an 1mpurity ion implantation process. An interlayer insula-
tion film 7 1s thickly formed on the entire structure including
the MOSFET. A silicon nitride film 8 and a first polysilicon
layer 9 are sequentially deposited on the interlayer insulation
film 7. The exposed portions of the first polysilicon layer 9
and the silicon nitride film 8 are sequentially etched by an
anisotropic etching process utilizing a contact hole mask.
The anisotropic etching process is performed so that the
interlayer insulation film 7 which is a lower layer is suffi-
ciently exposed. A polysilicon is deposited on the surface of
the first polysilicon layer 9 including a recess which is
formed by etching the first polysilicon layer 9 and the silicon
nitride film 8. The polysilicon is etched by an anisotropic
etching process so that a part of the interlayer insulation film
7 constituting the bottom of the recess is exposed, thereby
polysilicon spacers 10 are formed on the inner wall of the
recess. A contact hole is formed by etching the exposed
interlayer insulation film 7 by an anisotropic etching process
utilizing the first polysilicon layer 9 and the polysilicon
spacer 10 as an etching mask until a part of the source
electrode 6A is exposed. The width of the contact hole can
be smaller than when using the contact hole mask because
the contact hole is formed by a self-alignment etching
process, so that the high integration of the semiconductor
integrated circuit is facilitated. A second polysilicon layer 11
18 deposited on the first polysilicon layer 9 and the polysili-
con spacer 10 including the contact hole. A first oxide film
12 and a third polysilicon layer 13 are sequentially deposited
on the second polysilicon film 11. After coating a photoresist
on the third polysilicon, a photoresist pattern 14 is formed by
a photoresist patterning process utilizing the charge storage
electrode mask.

The first polysilicon layer 9 and the polysilicon spacer 10
may be formed with doped polysilicon; however, it is
preferable to form them with undoped polysilicon to
increase the difference in the etching selection ratio from the
interlayer insulation film 7 composed of an oxide such as
BPSG (Boron Phosphorous Silicate Glass), etc.

In the case where the first polysilicon layer 9 and the
polysilicon spacer 10 are formed with undoped polysilicon,
the second polysilicon layer 11 is formed with the doped
polysilicon implanted with a large quantity of impurities.
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Thereafter, the first polysilicon layer 9 and the polysilicon
spacer 10 are implanted with impurities by diffusing the
impurities contained in the second polysilicon layer 11 by a
thermal treatment process (e.g., a thermal treatment process
performed for forming a dielectric film)onto said first poly-
silicon layer 9 and said polysilicon spacer 10.

On the other hand, in the case where the first polysilicon
layer 9, the polysilicon spacer 10 and the second polysilicon
layer 11 are formed with undoped polysilicon, the impurity
implantation process is separately performed to implant
them with impurities.

The width of the contact hole can be smaller than when
using the contact hole mask because the contact hole is
formed by a self-alignment etching process utilizing the first

polysilicon layer 9 and the polysilicon spacer 10 as an
etching mask.

Referring to FIG. 2B, a pattern composed of the third
polysilicon layer 13 and the first oxide film 12 is formed by
sequentially etching the exposed part of the third polysilicon
layer 13 and the fist oxide film 12 through an anisotropic
etching process utilizing the photoresist pattern 14 as an
etching mask. Thereafter, the photoresist pattern 14 is
removed. A second oxide film 15 is deposited on the second
polysilicon layer 11 including a pattern composed of the
third polysilicon layer 13 and the first oxide film 12. A
polysilicon is thickly deposited on the second oxide film 15
and, thereafter, a polysilicon spacer 16 is formed on the inner
wall of the pattern composed of the third polysilicon layer 13
and the first oxide film 12 by etching the polysilicon by an
etch-back process.

Referring to FIG. 2C, the second oxide film 15 is etched
by an anisotropic etching process until the surfaces of the
second and third polysilicon layers 11 and 13 are exposed.
Theretore, the second oxide film 15 remains on the side wall
of the pattern composed of the third polysilicon layer 13 and
the first oxide film 12 and below the polysilicon spacer 16.
The surface of the second polysilicon 11 is stepped by an
anisotropic polysilicon etching process. The anisotropic
polysilicon etching process makes the surface of the second
polysilicon layer 11 steps because the process is performed
until only a part of the third polysilicon layer 13 and the
polysilicon spacer 16 remains. The exposed part of the
second oxide film 15 is etched by an anisotropic oxide
etching process utilizing the remaining third polysilicon
layer 13 and the remaining polysilicon spacer 16 as an
etching barrier layer.

Reterring to FIG. 2D, the charge storage electrode is
formed by etching the first and second polysilicon layers 9
and 11 by an anisotropic polysilicon etching process utiliz-
ing the first and second oxide films 12 and 15 remaining on
the second polysilicon layer 11 as an etching barrier layer
and, thereafter, by removing the first and second oxide films
12 and 15. A trench is formed by etching the second
polysilicon layer 11 exposed between the first oxide film 12
and the second oxide film 15 during the anisotropic poly-
silicon etching process, and the remaining third polysilicon
layer 13 and the remaining polysilicon spacer 16 are
removed. The side surface of the electric charge storing
electrode becomes stepped due to the process of FIG. 2C
which makes the surface of the second polysilicon layer 11
stepped. Therefore, in the structure of the charge storage
electrode, trenches having a constant width and depth with
a constant interval toward the center of the charge storage
electrode along the side end of the charge storage electrode
are formed, and the bottom of the side of the charge storage
electrode is shaped as a single step.
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The first and second oxide films 12 and 15 can be
removed by either the anisotropic etching process or the
1sotropic etching process.

On the other hand, in the case where the silicon nitride
film 8 is not deposited on the interlayer insulation film 7, and
an undercut can be formed below the charge storage elec-
trode by an 1sotropic etching process such that a part of the
interlayer insulation film 7 is etching in the process of
removing the first and second oxide films 12 and 15. At this
time, the interlayer insulation film 7 should be formed with
an oxide implanted with impurities such that the etching can
be satisfactorily performed during the isotropic etching

process for remove the first and second oxide films 12 and
15.

A dielectric film 7 is formed on the surface of the charge
storage electrode. A plate electrode is formed by depositing

and patterning a fourth polysilicon layer 18 on the dielectric
film 17.

FIGS. 3A through 3E are sectional views to illustrating

the process of manufacturing the capacity according to the
second embodiment of the present invention.

Referring to FIG. 3A, an interlayer insulation film 113 is
thickly formed on a silicon substrate 111 formed with a
junction region 112. A silicon nitride film 114 and a first
polysilicon layer 115 are sequentially deposited on the
interlayer insulation film 113. Exposed portions of the first
polysilicon layer 115 and silicon nitride film 114 are sequen-
tially etched by an etching process utilizing a contact hole
mask, such that a recess 130 is formed. The anisotropic
etching process is performed so that the interlayer insulation
film 113 which is a lower layer is sufficiently exposed.

Referring to FIG. 3B, a polysilicon is formed on the
surface of the first polysilicon layer 115 including the recess
130 formed by etching the first polysilicon layer 115 and the
stlicon nitride film 114, and thereafter a polysilicon spacer
116 is formed on the inner wall of the recess 130 by etching
the polysilicon by an anisotropic etching process such that a
part of the interlayer insulation film 113 constituting the
bottom surface of the recess 130 is exposed. A contact hole
1s formed by etching the exposed interlayer insulation film
113 by an etching process utilizing the first polysilicon layer
1135 and the polysilicon spacer 116 as an etching mask until
a part’ of the junction region 112 is exposed. A second
polysilicon layer 117 is deposited on the first polysilicon
film 115 and the polysilicon spacer 116 including the contact
hole. A first oxide film 118 and a third polysilicon layer 119
are sequentially deposited on the second polysilicon layer
117. A plurality of photoresist patterns 140 are formed on the
third polysilicon layer 119 by a photoresist patterning pro-
cess utilizing a charge storage electrode mask.

The first polysilicon layer 115 and the polysilicon spacer
116 may be formed with doped polysilicon, however, it is
preferable to form them with undoped polysilicon to
increase the difference in the etching selection ratio from the

interlayer insulation film 113 composed of an oxide such as
BPSG, etc.

In the case where the first polysilicon layer 115 and the
polysilicon spacers 116 are formed with undoped polysili-
con, the second polysilicon layer 117 is formed with doped
polysilicon implanted with a large quantity of impurities.
Thereatter, the first polysilicon layer 115 and the polysilicon
spacer 116 are implanted with impurities by diffusing the
impurities contained in the second polysilicon layer 117 by
a thermal treatment process(e.g., a thermal treatment process
performed to form a dielectric film) toward said first poly-
silicon layer 115 and said polysilicon spacer 116.
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On the other hand, in the case where the first polysilicon
layer 115, the polysilicon spacer 116 and the second poly-

silicon layer 117 are formed with undoped polysilicon, the
impunty implantation process is separately performed to

implant them with impurities.

The width of the contact hole can be smaller than when

using the contact hole mask because the contact hole is
formed by a self-alignment etching process utilizing the first

polysilicon layer 115 and the pulysﬂwon spacer 116 as an
etching mask.

Referring to FIG. 3C, a plurality of patterns composed of
the third polysilicon layer 119 and the first oxide film 118 is
formed by sequentially etching the exposed part of the third
polysilicon layer 119 and the first oxide film 118 by the
anisotropic etching process utilizing the plurality of photo-
resist patterns 140 as an etching mask. Thereafter, the
plurality of photoresist patterns 140 are removed. A second
oxide film 120 is deposited on the second polysilicon layer
117 including a plurality of patterns composed of the third
polysilicon layer 119 and the first oxide film 118. A poly-
stlicon 121 is thickly deposited on the second oxide film 120
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20

and, thereafter, the polysilicon 121 is remained in the form

of a spacer on the outer wall of the outer most pattern among
the plurality of patterns composed of the third polysilicon
layer 119 and the first oxide film 118 and is remained in the
buried between the patterns by an etch-back process.

Referring to FIG. 3D, the second oxide film 120 is etched
by an anisotropic etching process utilizing the remaining
polysilicon 121 as an etching mask until the surfaces of the
second and third polysilicon layers 117 and 119 are exposed.
The surface of the second polysilicon 117 is stepped by an
anisotropic polysilicon etching process. The anisotropic
polysilicon etching process which makes the surface of the

second polysilicon layer 117 stepped is performed until only

a part of the third polysilicon layer 119 and the remaining
polysilicon 121 remains. The exposed part of the second
oxide film 120 is etched by an anisotropic etching process
utilizing the remaining third polysilicon layer 119 and the
remaining polysilicon 121 as an etching barrier layer.

Referring to FIG. 3E, the electric charge storing electrode
1s formed by etching the exposed part of the first and second
polysilicon layers 115 and 117 by an anisotropic polysilicon
etching process utilizing the first and second oxide films 118
and 120 remaining on the second polysilicon layer 117 to act
as an etching barrier layer. A plurality of trenches are formed
by etching the second polysilicon layer 117 exposed
between the first oxide film 118 and the second oxide film
120 during the anisotropic polysilicon etching process, and
the remaining third polysilicon layer 119 on the first oxide
film 118 and the remaining polysilicon 121 on the second
oxide film 120 are naturally removed. The side surface of the
charge storage electrode becomes stepped due to the process
of FIG. 3D which makes the surface of the second polysili-
con layer 117 stepped. Therefore, in the structure of the
charge storage electrode, trenches having a constant width
and depth with a constant interval toward the center of the
charge storage electrode along the side end of the charge
storage clectrode are formed, at least one other trench is
formed on top of the charge storage electrode surrounded by
the trench. And the bottom of the side of the charge storage
electrode is shaped as a single step.

The first and second oxide films 118 and 120 can be
removed by either the anisotropic etching process or the
-18otropic etching process.

On the other hand, in the case where the silicon nitride
film 114 is not deposited on the interlayer insulation film
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113, and an undercut can be formed below the electric -
charge storing electrode by an isotropic etching process such
that a part of the interlayer insulation film 113 is etched in
the process of removing the first and second oxide film 118
and 120. At this time, the interlayer insulation film 113

should be formed with an oxide implanted with impurities

such that the etching can be satisfactorily performed during
the isotropic etching process to remove the first and second

oxide films 118 and 120.

A dielectric film 122 is formed on the surface of the
charge storage electrode. A plate electrode is formed by
depositing and patterning a fourth polysﬂlcon layer 123 on

the dielectric film 122.

As described above, the present invention can obtain the
effect of increasing the efficient surface area of the charge
storage electrode by forming at least one trench on the
surface of the charge storage electrode, and the resulting
increase of capacitance improves the reliability of the

device.

Although this invention has been described in its pre-
ferred form with a certain degree of particularity, it is
appreciated by those skilled in the art that the present
disclosure of the preferred form has been made only as an
example and that numerous changes in the detailed of the
construction, combination and arrangement of its parts may
be resorted to without departing from the spirit and scope of
the invention.

What 1s claimed is:

1. A method of manufacturing a semiconductor device
comprising the steps of:

forming an interlayer insulation film on a silicon substrate

formed with a junction region, and sequentially depos-
1ting a silicon nitride film and a first polysilicon layer
on said interlayer insulation film;

sequentially etching exposed portions of said first poly-

silicon layer and said silicon nitride film by an etching
process utilizing a contact hole mask, whereby a recess
1s formed;

depositing a polysilicon on the surface of said first poly-
silicon layer including said recess, and theen etching
said polysilicon to form a polysilicon spacer on the
inner wall of said recess;

etching said interlayer insulation film by an etching
process utilizing said first polysilicon layer and said
polysilicon spacer as an etching mask until a part of
said junction region is exposed, whereby a contact hole
1s formed;

depositing a second polysilicon layer on said first poly-
silicon film and said polysilicon spacer including said
contact hole;

sequentially depositing a first oxide film and a third
polysilicon layer on said second polysilicon layer;

coating a photoresist on said third polysilicon layer, and
then forming a photoresist pattern by a photoresist
patterning process utilizing a charge storage electrode
mask; ~

sequentially etching the exposed part of said third poly-
silicon layer and said first oxide film by an etching
process utilizing said photoresist pattern as an etching
mask, whereby the pattern composed of said third
polysilicon layer and said first oxide film is formed:

removing said photoresist pattern, and then depositing a
second oxide film on said second polysilicon layer
including said pattern;

depositing a polysilicon on said second oxide film, and
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then etching said polysilicon to form a polysilicon
spacer on the inner wall of said pattern;

etching the exposed part of said second oxide film until a

part of the surface of said second and third polysilicon
layers 1s exposed;

etching the exposed part of said second polysilicon layer
by an anisotropic polysilicon etching process, whereby
the surface of said second polysilicon layer is stepped;

etching the exposed part of said second oxide film by the
anisotropic oxide etching process to expose said second
polysilicon layer between said pattern and said poly-
silicon spacer; and

etching said second polysilicon layer by the anisotropic
polysilicon etching process utilizing said first and sec-
ond oxide films remaining on said second polysilicon
layer as an etching barrier layer until said silicon nitride
film is exposed and, then removing said remaining first

and second oxide films to form a charge storage elec-
trode; i

forming a dielectric film on the surface of said charge
storage electrode, and then forming a plate electrode on
said dielectric,

2. The method of manufacturing a semiconductor device
of claim 1, wherein said interlayer insulation film is formed
with an oxide. |

3. The method of manufacturing a semiconductor device
of claim 1, wherein said first polysilicon layer and said
polysilicon spacer formed on the inner wall of said recess are
formed with undoped polysilicon to increase the difference
in the etching selection ratio from said interlayer insulation
film. |

4. The method of manufacturing a semiconductor device
of claim 1, wherein, in the case where said first polysilicon
layer and said polysilicon spacer formed on the inner wall of
said recess are formed with said undoped polysilicon, said
second polysilicon layer is formed with a doped polysilicon
implanted with a large quantity of impurities and then said
first polysilicon layer and said polysilicon spacer are
implanted with the impurities by diffusing the impurities
contained in said second polysilicon layer by a thermal
treatment process Onto said first polysilicon layer and said
polysilicon spacer.

S. The method of manufacturing a semiconductor device
of claim 1, wherein said anisotropic polysilicon etching
process to make the surface of said second polysilicon layer
stepped 1s performed until only a part of said third polysili-
con layer and said polysilicon spacer formed on the inner
wall of said pattern remains.

6. The method of manufacturing a semiconductor device
of claim 1, wherein, said second polysilicon layer exposed
between said first oxide film is etched during the anisotropic
polysilicon etching process utilizing said first and second
oxide films remaining on said second polysilicon layer as an
etching barrier layer, and said second oxide film is etched to
form a trench, and said third polysilicon layer and a poly-
silicon spacer formed on the inner wall of said pattern are
removed.

7. The method of manufacturing a semiconductor device
of claim 1, wherein said trench has a constant width and
depth with a constant interval toward the center of said
electric charge storing electrode along the side end of said
electric charge storing electrode.

8. The method of manufacturing a semiconductor device
of claim 1, wherein said first and second oxide films are
removed by the anisotropic etching process.

9. The method of manufacturing a semiconductor device
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of claim 1, wherein said first and second oxide films are
removed by the isotropic etching process.

10. The method of manufacturing a semiconductor device
of claim 1, wherein, in the case where said silicon nitride
film is not deposited on said interlayer insulation film, an
undercut 1s formed below said electric charge storing elec-
trode by an isotropic etching process such that a part of said
interlayer insulation film is etched during the process to
remove said first and second oxide films.

11. The method of manufacturing a semiconductor device
of claim 1, wherein said interlayer insulation film is formed
with an oxide implanted with impurities such that the
etching can be satisfactorily performed during the isotropic

etching process to remove said first and second oxide films.

12. A method of manufacturing a semiconductor device,
comprising the steps of:

forming an interlayer insulation film on a silicon substrate
formed with a junction region, and sequentially depos-
iting a silicon nitride film and a first polysilicon layer
on said interlayer insulation film:;

sequentially etching exposed portions of said first poly-
silicon layer and said silicon nitride film by an etching

process utilizing a contact hole mask, whereby a recess
1s formed; !

depositing a polysilicon on the surface of said first poly-
silicon layer including said recess, and etching said
polysilicon to form a polysilicon spacer on the inner
wall of said recess;

etching the interlayer insulation film by an etching pro-
cess utihizing said first polysilicon layer and said poly-
silicon spacer as an etching mask until a part of said

junction region is exposed, whereby a contact hole is
formed:; |

depositing a second polysilicon layer on said first poly-
silicon film and said polysilicon spacer including said
contact hole;

sequentially depositing a first oxide film and a third
polysilicon layer on said second polysilicon layer;

coating a photoresist on said third polysilicon layer, and
then forming a plurality of photoresist patterns by a

photoresist patterning process utilizing a charge storage
electrode mask:

sequentially etching the exposed part of said third poly-
silicon layer and said first oxide film by an etching
process utilizing said plurality of photoresist patterns as
an etching mask, whereby a plurality of patterns com-

posed of said third polysilicon layer and said first oxide
film are formed;

removing said plurality of photoresist patterns, and depos-
iting a second oxide film on said second polysilicon
layer including said plurality of patterns;

depositing a polysilicon on said second oxide film, and
then etching said polysilicon to remain in the form of
a spacer on the outer wall of, the outer most pattern

among the plurality of patterns and kept buried between
the patterns;

etching the exposed part of said second film by an etching
process utilizing the remaining polysilicon as an etch-
ing mask until a part of the surface of said second and
third polysilicon layer is exposed,;

etching the exposed part of said second polysilicon layer
by an anisotropic polysilicon etching process, whereby
the surface of said second polysilicon layer is stepped;

etching the exposed part of said second oxide film by an
anisotropic oxide etching process to expose said second
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polysilicon layer between said plurality of patterns and
said remained polysilicon;

etching said second polysilicon layer by the anisotropic
polysilicon etching process utilizing said first and sec-
ond oxide films remaining on said second polysilicon
layer as an etching barrier layer until said silicon nitride
film is exposed, and removing said remaining first and

second oxide films to form a charge storage electrode;
and | |

forming a dielectric film on the surface of said charge
storage electrode, and forming a plate electrode on said
dielectric.

13. The method of manufacturing a semiconductor device
of claim 12, wherein said interlayer insulation film is formed
with an oxide. |

14. The method of manufacturing a semiconductor device

of claam 12, wherein said first polysilicon layer and said

polysilicon spacer formed on the inner wall of said recess are
formed with undoped polysilicon to increase the difference
in the etching selection ratio from said interlayer insulation
film. | |

15. The method of manufacturing a semiconductor device
of claim 12, wherein, in the case where said first polysilicon
layer and said polysilicon spacer formed on the inner wall of
said recess are formed of said undoped polysilicon, said
second polysilicon layer is formed on a doped polysilicon
implanted with a large quantity of impurities, and thereafter
said first polysilicon layer and said polysilicon spacer are
implanted with impurities by diffusing the impurities con-
tained in said second polysilicon layer by a thermal treat-
ment process onto said first polysilicon layer and said
polysilicon spacer.

16. The method of manufacturing a semiconductor device
of claim 12, wherein said anisotropic polysilicon etching
process to make the surface of said second polysilicon layer
stepped is performed until only a part of said third polysili-
con layer composing the plurality of patterns and said
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remained polysilicon remains.

17. The method of manufacturing a semiconductor device
of claim 12, wherein, during the anisotropic polysilicon
etching process utilizing said first and second oxide films
remaining on said second polysilicon layer as an etching
barrier layer, said second polysilicon layer exposed between
said first oxide film and said second oxide film is etched to
form a plurality of trenches, and said third polysilicon layer
and the remaining polysilicon are removed.

18. The method of manufacturing a semiconductor device
of claim 17, wherein, among the plurality of trenches, a
trench having a constant width and depth with a constant
interval toward the center of said charge storage electrode
along the side end of said charge storage electrode is formed
on top of the charge storage electrode, and at least one other
trench 1s formed on top of the charge storage electrode
surrounded by the trench.

19. The method of manufacturing a semiconductor device
of claim 12, wherein said first and second oxide films are
removed by the anisotropic etching process.

20. The method of manufacturing a semiconductor device
of claim 12, wherein said first and second oxide films are
removed by the isotropic etching process.

21. The method of manufacturing a semiconductor device
of claim 12, wherein, in the case where said silicon nitride
film is not deposited on said interlayer insulation film, an
undercut is formed below said charge storage electrode by

- anisotropic etching process such that a part of said interlayer
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insulation film is etched during the process to said first and
second oxide films.

22. The method of manufacturing a semiconductor device
of claim 21, wherein said interlayer insulation film is formed
with an oxide implanted with impurities such that the
etching can be satisfactorily performed during the isotropic
etching process to remove said first and second oxide films.
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